We have carried out a detailed abundance analysis for 21 elements in a sample of four RGB stars in the outer halo globular cluster NGC 7492 (R GC 25 kpc); we find [Fe/H] = −1.82 dex inferred from Fe I lines (−1.79 from Fe II) using high dispersion (R=λ/∆λ=35,000) spectra obtained with HIRES at the Keck Observatory. Most elements show no sign of star-to-star variation within our limited sample. We have, however, detected an anti-correlation between O and Na abundances similar to that seen in our previous analyses of inner halo GCs as well as in studies of relatively nearby GCs by others.
Introduction
Abundance determinations of stars in Galactic globular clusters can provide valuable information about important astrophysical processes such as stellar evolution, stellar structure, Galactic chemical evolution and the formation of the Milky Way. With the advent of efficient high resolution spectrographs on 8-10m telescopes, it is now possible to reach at least the luminous RGB stars in even the most distant Galactic globular clusters (GCs). In our previous work in this area we have explored the abundances for large samples of stars in the canonical relatively nearby GCs M71 (Ramírez et al. 2001; Ramírez & Cohen 2002 ), M5 (Ramírez & Cohen 2003 ) M3, and M13 (Cohen & Melendez 2005) , as well as in Pal 12 (Cohen 2004) , a cluster associated with the Sgr dwarf galaxy (Irwin 1999; Dinescu et al. 2000; Ibata et al. 2001) . For the case of Pal 12, in addition to the difference in age of several Gyr, it being younger than the bulk of the Galactic GCs (Rosenberg et al. 1998 (Rosenberg et al. , 1999 , we found evidence for substantive differences between the chemical history of Pal 12 and that of the "normal" halo GCs of similar [Fe/H] 1 .
In the present work, we study the outer halo GC NGC 7492, a cluster which is not suspected (yet) of being part of any known stream or otherwise abnormal. We compare the abundance ratios deduced from high resolution, high signal-to-noise ratio for four giants in this distant outer halo GC with those from our recent analysis of a large sample of stars in the relatively nearby and well studied GCs M3 and M13, which have metallicities close to that of NGC 7492. We look for evidence in the deduced abundance ratios of some difference in the formation mechanisms or chemical history of GCs in the "normal" outer halo.
There has been no previous high dispersion study of NGC 7492. Zinn & West (1984) obtained [Fe/H] = −1.5 ± 0.3 dex using their narrow band Q39 photometric system, Smith (1984) derived −1.34 ± 0.25 dex from the ∆S method applied to two RR Lyrae variables in the cluster, while moderate dispersion spectroscopy in the region of the infrared Ca triplet by Rutledge et al. (1997b) gave [Fe/H] = −1.70 ± 0.06 dex.
Stellar Sample, Observations and T ef f Determination
Given the large distance of NGC 7492, we select the brightest possible stars on the upper RGB for observation, making no attempt to reach fainter luminosities. These stars were picked from the photometric study of this cluster by Cuffey (1961) . Since this is a rather sparse cluster, these stars, which are the four brightest suspected members, lie distributed along the upper RGB, not concentrated at the RGB tip. The positions of these stars in a V, I CMD are illustrated in Figure 1 superposed on the predicted cluster isochrone from the Yi et al. (2001) evolutionary tracks; see Figure 10 of Buonanno et al. (1987) for a B, V CMD of NGC 7492. Although the cluster is distant, there are so few luminous giants that they must be observed as single stars; two of them cannot be fit into a single 7 arcsec long slit. Spectra were obtained with HIRES (Vogt et al. 1994) at the Keck Observatory 20-22 August 2003. The instrument configuration covered the range 4650 to 7010Å, with small gaps between the orders at the red end. This is the "yellow" configuration described in Cohen & Melendez (2005) . These data were reduced using a combination of Figaro (Shortridge 1 The standard nomenclature is adopted; the abundance of element X is given by ǫ(X) 1993) scripts and the software package MAKEE 2 .
The desired minimum SNR was 90 over a 4 pixel resolution element for a wavelength near the center of the HIRES detector. This is calculated strictly from the counts in the object spectrum, and excludes noise from cosmic ray hits, sky subtraction, flattening problems, etc. Since the nights were relatively dark, sky subtraction is not an issue except at the specific wavelengths corresponding to strong night sky emission lines, such as the Na D doublet. The seeing was extremely good during these nights, making the exposures shorter than normal, and enabling us to reach this goal for the stars reported here. Table 1 gives details of the HIRES exposures for each star, with the total exposure time for each object. All long integrations were broken up into separate exposures, each 1200 sec long, to optimize cosmic ray removal. The last column of the table gives the heliocentric radial velocity for each star, measured from the HIRES spectra; see Ramírez & Cohen (2003) for the details of the procedure used to determine v r .
The radial velocity of NGC 7492 is large and negative, and the cluster abundance is low. It was easy to tell after one integration whether or not a star is a member of the cluster. Approximate measurements of v r were made on line; all stars attempted turned out to be radial velocity members of NGC 7492. The four RGB stars have a mean v r of −176.9 km s −1 , agreeing well within the errors with the early measurement of Hartwick & Sargent (1978) of a single bright cluster member, but somewhat larger than the value of −214 km s −1 found from moderate resolution spectra by Rutledge et al. (1997a) . Our more accurate v r for NGC 7492 should be used in future computations of the mass of the Galaxy which rely on the orbits of its outlying satellites. The velocity dispersion from the four members, with no correction for an instrumental contribution, is σ = 1.2±1 km s −1 , reflecting the low mass of this sparse cluster; the observed σ is only slightly larger than the expected instrumental uncertainties.
Stellar Parameter Determination
We follow the procedures developed in our earlier work on globular cluster stars and described in Cohen, Behr & Briley (2001) to determine the stellar parameters for the four RGB stars in NGC 7492. T ef f is derived by comparing reddening-corrected broad band colors with the predictions of grids of model atmospheres. We utilize here the grid of predicted broad band colors and bolometric corrections of Houdashelt, Bell & Sweigart (2000) based on the MARCS stellar atmosphere code of Gustafsson et al. (1975) .
We normally utilize V − I, V − J and V − K colors to determine T ef f . The infrared colors were taken from 2MASS (Skrutskie et al. 1997; Cutri et al. 2003) . Cuffey (1961) provided P, V photo-graphic photometry over a large field including the entire cluster of NGC 7492 3 . CCD photometry in B, V was presented by Buonanno et al. (1987) , but their field is smaller than the cluster and the calibration of their photometry is not secure. Côté, Richer & Fahlman (1991) , in the course of a study of blue stragglers in this cluster, obtained CCD B, V photometry for a large sample of stars, but the data tables were never published and have subsequently been lost (Côté, private communication, 2004 ).
The two published photometric studies of NGC 7492 give V mags which are inconsistent by several tenths of a mag; the differences are not just a simple offset. We therefore measured V, I for our sample stars from ANDICAM images taken for this purpose on Aug. 1, 2004 with the 1.3m telescope at CTIO operated by the SMARTS consortium; these values are given in Table 1 . ANDICAM is a dual channel cammera constructed by the Ohio State University instrument group, but only the optical channel was used 4 . Our ANDICAM program requires photometric conditions, and additional standard star fields, charged to our ANDICAM allocation through NOAO, are always taken for us.
We adopt a distance for NGC 7492 of 26.2 kpc (Côté, Richer & Fahlman 1991) (as compared to 7.5 kpc for M13 and 10.4 kpc for M3), with a reddening of E(B-V) = 0.036 mag from Schlegel, Finkbeiner & Davis (1998) . The relative extinction in various passbands is taken from Cohen et al. (1981) (see also Schlegel, Finkbeiner & Davis 1998) . The adopted stellar parameters are given in Table 2 .
Data Reduction and Analysis
To the maximum extent possible, the atomic data and the analysis procedures used here are identical to those we used in our recently completed analysis of a large sample of stars in M3 and M13 (Cohen & Melendez 2005) . In particular, see §3 of that paper for a description of the measurement of the equivalent widths (listed for the four stars in NGC 7492 in Table 3 ), §4 for a discussion of the atomic parameters, §4.2 for our adopted Solar abundances (tabulated in Table 2 of our earlier paper, and repeated as Table 4 here), and §6 for a description of our abundance analysis procedures. As in our earlier work, the abundance analysis is carried out using a current version of the LTE spectral synthesis program MOOG (Sneden 1973) . We employ the grid of stellar atmospheres from Kurucz (1993) without convective overshoot, when available. The template file of suitable unblended lines with their adopted atomic parameters is identical to that we used in our recently completed analysis of M3 and of M13 (Cohen & Melendez 2005) .
Three of the four stars gave v t = 2.0 km s −1 based on deriving a uniform Fe abundance as a function of W λ for the large set of Fe I lines. The fourth star (Star R) gave 1.8 km s −1 ; this value was also set to 2.0 km s −1 . Lines with W λ > 175 mÅ were ignored, except for the Ba II lines in the coolest star in our sample in NGC 7492.
The resulting abundance ratios for the four RGB stars in NGC 7492 are given in Tables 5a to  5e . Species with only one detected line are assigned an uncertainty of 0.10 dex. Table 7 of Cohen & Melendez (2005) indicates the changes in derived abundance ratios for small changes in the adopted stellar parameters, the [Fe/H] for the adopted model atmosphere, or the set of W λ for the lines of each species, and is appropriate for use here as well. The mean abundance and 1σ variance for the species observed in NGC 7492 are listed in Table 6 .
Comments on Individual Elements
The oxygen abundance is derived from the forbidden lines at 6300 and 6363Å. The subtraction of the night sky emission lines for the forbidden lines was reasonably straightforward given that the radial velocity of NGC 7492 is sufficiently different from 0 km s −1 that their W λ can be reliably measured. The C/O ratio was assumed to be Solar. CN and Ni I contamination is negligable (see Cohen & Melendez 2005 Rutledge et al. (1997b) from moderate dispersion spectra in the region of the infrared Ca triplet.
The Na abundance was obtained from the 5680Å doublet for all four stars. We have, as in our previous papers, not used any non-LTE corrections for Na. Calculations by Gratton et al. (1999) suggest values of between 0.1 and 0.2 dex are appropriate for our sample in NGC 7492, with the coolest star having the largest value. Calculations by Takeda et al. (2003) suggest somewhat smaller values.
The Ba abundance of star 950 in NGC 7492 appears to be ∼0.2 dex larger than that of the other cluster members studied here. However, the detected lines of Ba II are all within the range where substantial HFS corrections occur. Table 7 of Cohen & Melendez (2005) shows the very high sensitivity of the deduced Ba abundances to small uncertainties in the equivalent width and microturbulence of the Ba II lines we use. On the other hand, the deduced [Y/Fe] is also somewhat high for this star, while the deduced Fe is the lowest of all the stars in our sample. Perhaps a slight adjustment of T ef f for this star is required. At this point, we assume this is the result of observational and modelling uncertainties and does not indicate a real spread in [Ba/Fe] within NGC 7492, but further verification of this is desirable. 
Abundance Spreads
To check for the presence of star-to-star variations in abundance ratios within the small sample of RGB stars in NGC 7492, we use a parameter we call the "spread ratio" (SR). The numerator of SR is the 1σ rms variance for the sample of four stars in NGC 7492 about the mean abundance for each atomic species (X) with detected absorption lines, denoted σ; the relevant values are given in the first three columns of Table 6 . The denominator of SR is the total expected uncertainty, σ(tot), which is the sum in quadrature of the known contributing terms. Included are a term corresponding to an uncertainty of 50 K in T ef f , the same for an uncertainty of 0.2 dex in log(g), and for an uncertainty of 0.2 km s −1 in v t , and the observed uncertainty [σ(obs)], The parameter σ(obs), which is calculated from data given in Tables 5a to 5e , is taken as the variance about the mean abundance for a given species in a given star, i.e. the 1σ rms value about the mean abundance of species X in a given star/ √ N , where N is the number of observed lines of species X. It includes contributions from errors in the measured W λ , random errors (i.e. between lines of a given species) in the adopted gf values, etc. Some species, an example being Fe I with its very large value of N , have unrealistically small values of σ(obs); we adopt a minimum of 0.05 dex for this parameter.
The ratio σ/σ(tot) is an indication of whether there is any intrinsic star-to-star variation in [X/Fe] . A high value of this "spread ratio", tabulated in the fifth column of this table, suggests a high probability of intrinsic scatter for the abundance of the species X. Ideally the mean SR for those elements with no star-to-star variation should be unity; for many species the measured SR is close to that value, certainly closer here than for the sample in M3 and in M13 we studied earlier (Cohen & Melendez 2005) . Table 6 shows that for all but two species SR < 1.0 for the sample of four stars in NGC 7492, indicating little sign of an intrinsic star-to-star range in abundance. O I and Na I, however, have the two largest values of SR, 1.3 and 3.0 respectively. Note that SR for Mg I is 0.5, suggesting no real star-to-star abundance variations for this element. We therefore assume that the range of abundances seen in our sample of RGB stars in NGC 7492 for Na I and O I represent real star-to-star abundance variations; while no other element shows definite evidence for such variations from this simple analysis.
Inspection of

Correlated Abundance Variations of the Light Elements
C, N, O, Na, Mg, and Al are known to show correlated abundance variations from star-to-star among the most luminous stars in globular clusters; see, e.g. the review of Kraft (1994) . Our simple spread ratio analysis (see §2.4) shows definite star-to-star variations in abundance of both O and Na in our small sample of RGB stars in NGC 7492. Variations in Mg, if present are smaller and subtle.
It is well established that O and Na are anti-correlated among luminous giants in globular clusters, see, e.g. Kraft (1994) . Furthermore, Ramírez & Cohen (2002) compiled the data from the literature, combined it with their own, and showed that the same linear relation can be used to fit the O and Na data for all globular clusters studied in detail thus far. The latest addition to the clusters studied in detail, NGC 2808, by Carretta, Bragaglia & Cacciari (2004) , does so as well. Figure 8 shows the relationship between Na and O abundances (both with respect to Fe) for our sample in NGC 7492. Also superposed is the line representing the fit for this anti-correlation determined by Sneden et al. (2004) for the luminous giants in M3, shifted by −0.07 dex and +0.1 dex in the vertical and horizontal axis as compared to the relation we found for M13 (Cohen & Melendez 2005) . The first and last quartiles of the O-Na anti-correlation seen by Sneden et al. (2004) in their sample of luminous giants in M3 are indicated. There is a reasonably clear anticorrelation which corresponds well with that seen for luminous giants in other well studied Galactic GCs (see, e.g. the compilation of Cohen & Melendez 2005) . A similar correlation is detected in the outer halo GC NGC 7006 by Kraft et al. (1998) .
There is marginally statistically significant evidence for a correlation between [Na/Fe] and [Mg/Fe] for our small sample in NGC 7492, similar to that shown in other GCs (see, for example, figures 12 and 13 of Sneden et al. 2004) . The larger uncertainty in our deduced [Mg/Fe] ratios makes this result quite uncertain.
Comparison with the Inner Halo GCs M3 and M13
We now turn to what we can learn about the chemical history of the Galaxy by comparing the abundance ratios in NGC 7492, at a galactocentric distance of 25 kpc, with those from our recent analysis of the inner halo GCs, M3 and M13 (Cohen & Melendez 2005) in M3 and M13, with R GC of 12 and 9 kpc respectively. We note that the atomic parameters, the analysis procedures, and the software packages used are identical in both of these studies. Hence we should be able to detect small differences in the relative values of the abundance ratios of these three GCs. If we allow ±0.15 dex as a tolerable range given the potential internal and systematic errors in the analyses of these three GCs, we find that 80% of the 20 elements in common have a difference of 0.0±0.15 dex, with only Si, Cr and Co 5 outside that range. Cohen & Melendez (2005) . We use the same set of of high precision analyses of GCs as in Cohen & Melendez (2005) , specifically NGC 6528 (Carretta et al. 2001) , NGC 6553 (Cohen et al. 1999; Carretta et al. 2001) , 47 Tuc James et al. 2004 ), M71 (Ramírez & Cohen 2002 , 2003 Gratton et al. 2001; James et al. 2004) and M15 (Sneden et al. 1997) , adding in NGC 7492 as well. To characterize the behavior of the metal-poor halo field stars, we adopt abundance ratios from recent large surveys of Gratton & Sneden (1991) , McWilliam et al. (1995) , Fulbright (2000) , and by Johnson (2002) . No effort has been made to homogenize these analyses, but since the field star surveys were carried out over the course of more than a decade, we have corrected for the difference in the Solar Fe abundance adopted by each.
Given that NGC 7492 has [Fe/H] 0.35 dex smaller than the mean value for M3 and M13, we have attempted to evaluate the correction to the difference caused by these global trends. We can only do this for about half of the elements studied here. This correction is given in the last column of Table 7 dex. This suggests that the galactic chemical evolution of the outer halo at R GC 25 kpc has been identical to that of the well studied inner halo GCs, at least up to the time of the formation of the old globular clusters NGC 7492, M3 and M13. In particular, our limited evidence, based on Ba, La and Eu abundance ratios, suggests the neutron capture processes, both r and s, appear to have had similar histories throughout the spatial extent of the halo for old GC stars.
Summary
We have carried a detailed abundance analysis for 21 elements in a sample of four RGB stars in the metal poor distant outer halo globular cluster NGC 7492 ([Fe/H] −1.80 dex). The analyzed spectra, obtained with HIRES at the Keck Observatory, are of high dispersion (R=λ/∆λ=35,000). Most elements show no sign of star-to-star variation within our limited sample. We have, however, detected an anti-correlation between O and Na abundances similar to that seen in our previous analyses of inner halo GCs as well as in studies of relatively nearby GCs by other. A correlation between Mg and Na abundance may also be present.
We have compared the abundance ratios in NGC 7492 with those we previously determined for the much closer old halo GCs M3 and M13 (Cohen & Melendez 2005) , hoping that since all these analyses were carried out by the same two people within a timespan of only a few months in a completely consistent manner, with the same line lists, the same atomic parameters, the same analysis codes and procedures, etc. that small differences in the abundance ratios might be detectable. We evaluate the trends of abundance ratio with metallicity for old halo stars from our data combined with published large surveys of halo field star abundances. We then apply corrections to the abundances we derived for M3 and M13 for each species, when feasible, to extrapolate them to the 0.35 dex smaller [Fe/H] of NGC 7492. After making such corrections, all the elements in common show identical abundance ratios for NGC 7492 and for M3 and M13, allowing for a ±0.15 dex tolerance, and 75% of them are then within the tolerance ±0.10 dex. This suggests that the galactic chemical evolution of the outer halo at R GC 25 kpc has been identical to that of the well studied much closer inner halo GCs, at least up to the time of the formation of the old globular clusters NGC 7492, M3 and M13. In particular, our limited evidence, based on Ba, La and Eu abundance ratios, suggests the neutron capture processes, both r and s, appear to have had similar histories throughout the spatial extent of the halo for old GC stars as well.
The presence of the O/Na anti-correlation in NGC 7492, with R GC of 25 kpc, and the similarity of its chemical history to that of the well studied nearby GCs, provide new constraints on any model of GC formation in the Galactic halo.
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